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(57) A method for monitoring an industrial process, 
including the steps of: providing a knowledge base com- 
prising a two-dimensional representation of operational 
conditions for the process; obtaining process real time 
data from the industrial process for a plurality of process 
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variables; selecting relevant features from the real time 
data; obtaining an operational condition classification 
from 

the relevant features; transforming the operational con- 
dition classification into a point; and displaying the point 
on said knowledge base. 
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Description 

[0001] The invention relates to a system and method 
for controlling industrial processes and, more particular- 
ly, to a system and method for controlling, monitoring 
and optimizing processes by processing, transforming 
and interpreting the process variables. 
[0002] Industrial processes such as processes within 
the oil and gas industry are typified by a large number 
of variables, many of which cannot readily be calculated 
or predicted using conventional mathematical relation- 
ships. A growing volume of available information for 
such processes has combined with growing complexity 
of business technology and a greater need for industrial 
security so as to safeguard personnel, installations and 
the environment, such that monitoring of multi-variable 
processes such as those within the oil and gas industry 
has become a highly complex task. 
[0003] It is clear that the need exists for a system and 
method whereby the vast amount of information availa- 
ble regarding various industrial processes, which infor- 
mation contains potentially large numbers of different 
variables, can be accurately and effectively monitored 
so as to allow control and/or optimization of a single 
process or subprocess within the processes being mon- 
itored, on an as needed basis. It is therefore the primary 
object of the present invention to provide a system and 
method which transforms the multi-variable environ- 
ment of such processes so as to allow focused attention 
by an operator on a particular process undergoing un- 
expected behavior. 

[0004] It is a further object of the present invention to 
provide a system and method which allows for local and 
global optimization of process performance. 
[0005] It is a still further object of the present invention 
to provide a system and method which allow for early 
detection of and reaction to abnormal process situa- 
tions. 

[0006] Other objects and advantages of the present 
invention will appear herein below. 
[0007] The problems are solved by the teaching ac- 
cording to the independent claims. Particular develop- 
ments are given in the dependent claims. Within the 
frame of the invention are all combinations of at least 
two of the descriptive elements and technical features 
disclosed in the claims and/or in the description. 
[0008] In accordance with the invention, the foregoing 
objects and advantages have been readily attained. 
[0009] In accordance with the invention, a method is 
provided for monitoring an industrial process, compris- 
ing the steps of: 

providing a knowledge base comprising a two-dimen- 
sional representation of operational conditions for said 
process; obtaining process real time data from said in- 
dustrial process for a plurality of process variables; se- 
lecting relevant features from said real time data; ob- 
taining an operational condition classification from said 
relevant features; transforming said operational condi- 



tion classification into a two-dimensional point; and dis- 
playing said point on said knowledge base. 
[0010] In further accordance with the present inven- 
tion, a system is provided for monitoring an industrial 

5 process having at least two process variables, which 
system comprises a sensor member for obtaining real 
time data for said process variables; a processor unit for 
receiving said real time data, extracting relevant fea- 
tures from said real time data, obtaining an operational 

10 condition classification from said relevant features, and 
generating a two-dimensional point corresponding to 
said operational condition classification; and a knowl- 
edge-base having a two-dimensional representation of 
process operational conditions and being associated 

15 with said processor unit to display said point on said rep- 
resentation. 

[0011] Further advantages, characteristics and de- 
tails of the invention are apparent from the following de- 
tailed description of preferred embodiments of the in- 
20 vention with reference to the attached drawing. 

[0012] The invention relates to a system and method 
for controlling industrial processes and, more particular- 
ly, to a system and method for monitoring, controlling 
and optimizing an industrial process having a multitude 
25 of variables by transforming the multitude of variables 
to a bi-dimensional or bi-variable state in order to con- 
struct process trajectories. 

[0013] The system and method of the present inven- 
tion are applicable to a wide variety of industrial proc- 
30 esses. One particular example wherein the system and 
method of the present invention are particularly advan- 
tageous is the oil and gas industry, for example in mon- 
itoring a number of hydrocarbon producing wells from 
one or more fields or reservoirs so as to control, monitor 
35 and optimize production from each well. 

[0014] In accordance with the invention, real time val- 
ues of various process variables are obtained from the 
process or processes being controlled. This is carried 
out using conventional equipment which would be read- 
40 iiy familiar to the person of ordinary skill in the art. Typ- 
ical process variables within the oil and gas production 
industry include pressures, temperatures, fluid levels 
and loads, fluid composition, dynagraph relationships 
and the like. It is the handling of this potentially vast 
45 amount of information which forms the basis of the 
present invention. 

[0015] In accordance with the present invention, a 
system is provided for receiving the real time values of 
information obtained from the aforesaid sensors, and 
so this system transforms the information into a two-dimen- 
sional point or process current state which can readily 
be displayed on a knowledge base preferably containing 
a representation of various process conditions. 
[0016] The system of the present invention preferably 
55 includes databases for receiving and storing real time 
data such as values of the process variables overtime, 
for storing two-dimensional points and trajectories of 
these points, and a processor adapted to carry out the 
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mathematical and knowledge-based related functions 
of the present invention. 

[001 7] The processor in accordance with the present 
invention is also advantageously programmed to gen- 
erate trajectories of the process behavior from each 
point obtained. This might be, for example, oil produc- 
tion for each well being monitored and controlled. The 
mathematical model of the processor is also preferably 
adapted to generate a process behavior model from the 
data gathered in the variables database and the trajec- 
tories of the process stored in the trajectories database. 
With the model and process trajectories database, the 
predictive and knowledge-based model of the present 
invention is adapted and programmed to determine a 
current process trajectory using current real time values 
of the variables, and may suitably be adapted and pro- 
grammed to predict a future expected state of the proc- 
ess using the behavior model and the current process 
trajectory. 

[0018] The current process trajectory and predicted 
future expected states can then advantageously be 
comparatively monitored so as to detect a deviation of 
the current process trajectory from the various future ex- 
pected states, and any deviation can advantageously 
be brought to the attention of an operator, for example 
through issuance of an advisory signal. 
[0019] This allows for a large number of processes, 
each involving a potentially very large number of varia- 
bles, to be monitored, controlled and optimized with a 
minimal level of human supervision, and further allows 
the human operator to focus only on situations where a 
deviation from the expected trajectory, or "orbit out", has 
been detected. 

[0020] The process starts with data acquisition 
wherein real time data or values for a multitude of vari- 
ables are obtained over time. A database or historical 
registry of these values is constructed, and this data- 
base is updated with newly acquired data, preferably 
continuously. Critical data or features are then extracted 
from the data so acquired. These features are then used 
to obtain a classification of operational conditions, and 
th is classification is then fused or otherwise transformed 
into a two-dimensional point (x, y), which corresponds 
to a process condition, for example, production over 
time, operational process conditions, etc. A current tra- 
jectory for the process is then generated using the cur- 
rent state or point, real time data values and historical 
registry or database, and this trajectory is then stored in 
a trajectories database. The two-dimensional point is 
displayed or drawn on the knowledge base, which is a 
Cartesian plot, wherein a map of regions corresponding 
to a logical arrangement of different process conditions 
is displayed. The points over time form a trajectory 
which can then advantageously be analyzed in order to 
detect potentially abnormal situations and also in order 
to determine expected new status of the process. 
[0021] The critical data to be extracted from the total 
variable data collected is preferably determined in ad- 



vance, for example through principal component analy- 
sis, to identify and discard non-relevant features. The 
remaining relevant features then serve as input to a 
processor which preferably includes a diagnostic neural 

5 network. The diagnostic neural network then classifies 
these features as various operational conditions to be 
monitored, along with degrees of certainty for each con- 
dition indicative of whether such a condition is present. 
The process condition classification is then preferably 

10 input to a projection neural network which determines a 
two-dimensional point on the knowledge base which 
corresponds to the classification. Th is point can then be 
displayed on the knowledge base to be viewed by an 
operator monitoring the process. Related conditions are 

is advantageously positioned on the knowledge base in a 
logical arrangement on the display to further facilitate 
monitoring of same, by allowing movement of the dis- 
played state to be indicative of the type of change in the 
process. For example, a region indicating problems with 

20 a pump component would preferably be positioned in 
close proximity to a region indicating pump failure such 
that successive points on the knowledge base would 
travel toward the pump failure region as the problem be- 
came more serious. 

25 [0022] Of course, the knowledge base for a particular 
process would be assembled based upon process fa- 
miliarity and know-how, and could be different for each 
process. 

[0023] The variables of a typical process to be con- 
so trolled by the system and method of the present inven- 
tion may include process conditions such as pertinent 
pressures, temperatures and fluid volumes, failure con- 
ditions such as unexpectedly high or low load on pump- 
ing equipment and the like, economic factors such as 
35 the current price of electricity and value of fluids being 
produced and the like, and production scheduling rates. 
Of course, depending upon the process, numerous oth- 
er variables will be relevant. In accordance with the in- 
vention, values of each of these variables are stored in 
40 the variables database for use as needed. 

[0024] As new variable values are gathered into the 
database, the system of the present invention generates 
new bi-dimensional points and joins these points to the 
current process trajectory. The system of the present in- 
45 vention then further can be used to determine a behavior 
model for the process being monitored. 
[0025] With the trajectories and behavior model in 
hand, a knowledge-based model or process of the sys- 
tem of the present invention is then adapted to deter- 
so mine a real time current state of the process from the 
relevant real time variables obtained by the system from 
the process, and also to predict a future expected state, 
and preferably a series of future expected states, for the 
process. 

55 [0026] The current point of the process trajectory, in 
combination with the entire trajectory and the future ex- 
pected states of the process overtime are then analyzed 
by the system of the present invention and any deviation 
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in actual process conditions will be detected by the sys- 
tem. Any deviation is then advantageously brought to 
the attention of an operator, for example through issu- 
ance of an advisory signal, so that the operator can in- 
vestigate and react to the deviation. 
[0027] According to the invention, once a deviation is 
detected, it may be preferred to program the mathemat- 
ical and knowledge-based models to analyze each 
known trajectory with the current trajectory to determine 
the type of deviations and their possible causes, and to 
include this information in the advisory signal. 
[0028] The predicted future states are also advanta- 
geous information in that the predicted future states 
themselves can be monitored for early indications of 
process faults such as pump over or under utilization, 
excessive gas or water production, and the like, and cor- 
rective action can be taken in advance of the actual oc- 
currence of a fault. 

[0029] Referring to the drawing, a schematic repre- 
sentation of the system and method of the present in- 
vention is provided. As shown, a series of process var- 
iables (V^Vg ... V n ) are monitored for real time values 
X. The variables to be monitored, as shown in the draw- 
ing, may typically include pressure, temperature, fluid 
level and fluid load, among many others. Real time val- 
ues X are fed to the processor of the present invention 
wherein relevant features (f1, f2,....fn), are extracted. 
This is illustrated as step F1 and is carried out using 
known techniques such as principal component analy- 
sis and the like. 

[0030] Step F2 in the drawing illustrates input of the 
relevant features to a diagnostic neural network which 
is trained to correlate relevant features as input with an 
operational condition classification as output. This clas- 
sification is preferably a series of identifiers correspond- 
ing to various possible conditions (C1 , C2, Cn) and 
a corresponding certainty as to the likelihood that such 
condition is occurring. Thus, the diagnostic neural net- 
work gives a determined weight to each operational con- 
dition in real time. In the drawing, two typical conditions 
are shown with certainties, specifically, a low load con- 
dition with a 30% likelihood, and a plain sand condition 
with a 50% likelihood. This information is transferred to 
a projection neural network as shown in the drawing at 
F3, and transformed by the network into coordinates of 
a point P on that knowledge base corresponding to the 
condition classification. This point P, when plotted on the 
knowledge base or displayed Cartesian map (W), 
shows the specific process deviation o r diagnosis . Th us , 
in accordance with the present invention, the equation 
W=F3(F2(F1 (X))) describes the procedure of the graph- 
ic representation (W) construction, which allows the op- 
erator to quickly detect abnormal situations. Vector (X) 
includes all values of process variables which are proc- 
essed through the composition of three functions, which 
are, features extraction (F1), operational conditions 
classification (F2) and dimensionality reduction or 
graphic viewer generation (F3). The function composi- 
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tion output is a point (x,y) represented in the two-dimen- 
sional space(W) mentioned above, which is the knowl- 
edge base as discussed above. 
[0031] It should be readily apparent that the system 

5 and method of the present invention solve existing prob- 
lems in the industry of process optimization, determina- 
tion of process current status and prediction of future 
status, and the handling of large volumes of data and 
informational hierarchies in a user-friendly manner. 

10 [0032] In further accordance with the invention, the 
processor or processors on which the mathematical and 
knowledge-based models are configured may include a 
neural network and principal component analysis (PCA) 
capability for extracting critical data and carrying out the 

15 dimensionality reduction from the variables and may in- 
clude Kohonen and other clustering maps for transform- 
ing the critical data into orthogonal, independent varia- 
bles. 

[0033] Further, the system and method of the present 
20 invention, by continuously storing trajectories of the 
process, develops an expert trajectories database 
which can be used to feed the mathematical and knowl- 
edge-based models of the system of the present inven- 
tion with increasingly accurate predictions of future be- 
25 havior. 

[0034] The system and method of the present inven- 
tion further advantageously identify and use relevant 
feature, values as compared to using all process varia- 
ble values, thereby utilizing a smaller number of values 

30 eventually transformed into a two-dimensional point. 
The two-variable point position over the knowledge 
base or Cartesian map is updated to show the process 
trajectory and shows current operational state, thereby 
allowing an operator to detect an abnormal situation ear- 

35 Her and faster. 

[0035] It should therefore be appreciated that the sys- 
tem and method of the present invention readily provide 
for enhancements in monitoring, controlling and optimi- 
zation of industrial processes. 

40 [0036] It is to be understood that the invention is not 
limited to the illustrations described and shown herein, 
which are deemed to be merely illustrative of the best 
modes of carrying out the invention, and which are sus- 
ceptible of modification of form, size, arrangement of 

45 parts and details of operation. The invention rather is 
intended to encompass all such modifications which are 
within its spirit and scope as defined by the claims. 



1 . A method for monitoring an industrial process, com- 
prising the steps of: 

providing a knowledge base comprising a two- 
dimensional representation of operational con- 
ditions for said process; 
obtaining process real time data from said in- 
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dustrial process for a plurality of process vari- 
ables; 

selecting relevant features from said real time 
data; 

obtaining an operational condition classifica- 
tion from said relevant features; 
transforming said operational condition classi- 
fication into a two-dimensional point; and 
displaying said point on said knowledge base. 

2. The method according to claim 1 , further compris- 
ing the steps of: 

providing a diagnosis neural network trained to 
correlate relevant features with operation con- 
dition classifications; and 
inputting said relevant feature to said diagnosis 
neural network so as to obtain said operational 
condition classification. 

3. The method according to claim 1 or 2, wherein said 
operational condition classification comprises a plu- 
rality of process conditions and a corresponding 
certainty factor for each of said process conditions. 

4. The method according to one of the claims 1 to 3, 
further comprising the steps of generating a current 
process trajectory for said point and storing said 
process trajectory in a trajectories database. 

5. The method according to claim 4, further compris- 
ing the step of predicting a future operational con- 
dition of said process from said trajectories data- 
base and said current process trajectory. 

6. The method according to claim 4 or 5 } further com- 
prising the step of providing a knowledge-based 
model based on said trajectories database, and uti- 
lizing said knowledge-based model and said cur- 
rent process trajectory to predict said future opera- 
tional condition. 

7. The method according to claim 1 , further compris- 
ing the steps of: 

providing a projection neural network trained to 
correlate operational condition classifications 
with points of said knowledge base; and 
inputting said operational condition classifica- 
tion to said projection neural network so as to 
obtain said point. 

8. The method according to one of the claims 1 to 7, 
wherein said knowledge base is a two-dimensional 
representation of process conditions arranged on a 
Cartesian plot, and said point is a set of coordinates 
on said plot. 
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9. The method according to one of the claims 1 to 8, 
further comprising the step of storing said real time 
data in a variables database and/or further compris- 
ing the step of taking corrective action correspond- 

5 ing to an operational condition displayed on said 
knowledge-base so as to optimize said process. 

10. The method according to one of the claims 1 to 9, 
wherein said industrial process is a process for pro- 

10 duction of hydrocarbons. 

1 1 . The method according to one of the claims 1 to 1 0, 
further comprising monitoring a plurality of industrial 
processes, wherein said operational condition clas- 

15 sification includes normal operation and fault oper- 
ation, and further comprising generating an adviso- 
ry signal for an industrial process experiencing a 
fault operation. 

20 12. A system for monitoring an industrial process hav- 
ing at least two process variables, comprising: 

a sensor member for obtaining real time data 
for said process variables; 

25 a processor unit for receiving said real time da- 

ta, extracting relevant features from said real 
time data, obtaining an operational condition 
classification from said relevant features, and 
generating a two-dimensional point corre- 

30 sponding to said operational condition classifi- 

cation; and 

a knowledge base having a two-dimensional 
representation of process operational condi- 
tions and being associated with said processor 
35 unitto display said point on said representation. 

13. The system according to claim 12, wherein said 
processor unit comprises a diagnosis neural net- 
work trained to correlate relevant features with op- 

^0 erational condition classifications. 

14. The system according to claim 12 or 13, further 
comprising a projection neural network trained to 
correlate said operational condition classifications 

45 with points on said knowledge base. 

15. The system according to claim 12 or 13, wherein 
said processor unit transforms said two-dimension- 
al point into a current process trajectory, and further 

50 comprising a trajectories database for storing said 
current process trajectory. 

1 6. The system according to one of the claims 1 2 to 1 5, 
wherein said processor unit further includes a 

55 knowledge-based model based on said trajectories 
database and adapted to predict a future operation- 
al condition. 
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